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Catchment type and scale
 Transport of nitrate from land to surface water, by 
groundwater
 Can simulate denitrification
 Catchment located within model area of 1000 x 1000 
cells (100 km x 100 km at 1 ha resolution)
 Larger catchments accommodated with cells bigger than 
100 m x 100 m
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Accounts for groundwater mass balance and quality
Land surface recharge
River recharge
Groundwater
discharge
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Flow & quality computed along groundwater flow paths
Groundwater flow path
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Groundwater flow processes – vertical slice view
Rakaia River Groundwater discharge
to streams and lake
From land surface recharge
From river recharge
50 km
300 m
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Contaminant transport processes – vertical slice view
0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00 4.00-5.00
5.00-6.00 6.00-7.00 7.00-8.00 8.00-9.00 9.00-10.00
10.00-11.00 11.00-12.00 12.00-13.00 13.00-14.00 14.00-15.00
Nitrate-N concentration (mg/L)
Sheep Dairy Forest Sheep Crops
Rakaia River recharge Discharge to surface watersNitrate-N = 3 mg/L
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Types of prediction (steady-state)
 Near-surface groundwater concentration: no 
groundwater model; GIS area filtering
 Groundwater nitrate concentration at any location and 
depth
 Groundwater age at any location and depth
 Groundwater catchment of surface water bodies
 Nitrate concentration in groundwater discharge to 
surface waters
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Assumptions
 Groundwater flow and transport is steady-state
 Groundwater age predictions provide estimate of time-
lag for effects of land use change
 Groundwater model is 2D/3D: constructed of slices along 
groundwater flow paths
 Aquifer can be heterogeneous-isotropic horizontal, and 
heterogeneous-anisotropic in vertical plane
 Denitrification is a first-order process
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Input data: the full set
 GIS maps of land use, soil type, climate zone
 Table of long-term average soil-water drainage and 
nitrate concentration for each land use, soil type, climate 
combination
 Surface water recharge to groundwater; and 
groundwater discharge to surface water
 Aquifer properties: thickness, porosity, hydraulic 
conductivities 
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Farm model outputGIS
Farm type
Climate
Soil
Aquifer 
data
0.000-1.000 1.000-2.000 2.000-3.000 3.000-4.000 4.000-5.000
5.000-6.000 6.000-7.000 7.000-8.000 8.000-9.000 9.000-10.000
10.000-11.000 11.000-12.000 12.000-13.000 13.000-14.000
GW model
Farm 
type
Recharge 
(mm/y)
Nitrate-
N (g/m3)
Dairy –
high 
intensity
250 12
Dairy –
mod. 
Intensity
100 10
…
Crop 
rotation 
type 1
200 15
Crop 
rotation 
type 2
200 10
…
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Input data – the basics 
for a GIS map at 1 ha resolution
 Water and nitrate mass :
- land surface recharge & nitrate concentration
- surface water losses to groundwater
- groundwater discharge to surface waters
 Aquifer characteristics:
- boundaries; no flow & specified head (affects 
groundwater discharge to surface waters)
- thickness (if vertical distribution of quality is an issue)
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Implementation examples: 
below-root-zone nitrate concentration
GIS Data:
Land use
Soil type
Climate
Look-up table:
Soil-water drainage
Nitrate concentration
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Shallow groundwater nitrate concentration
- GIS area filter; 1 km radius
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Deep groundwater nitrate concentration
- aquifer data from a groundwater model
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Nitrate discharge catchments for surface waters
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AquiferSim is a living document
 Computational times are up to a few minutes
 Land use change scenarios easily evaluated
 New knowledge about nitrate discharge rates is easily 
incorporated
 Uncertainty about hydrological and geological 
knowledge can be assessed
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Some potential not yet implemented
 Use of geological data to assign complex aquifer 
properties
 Assign zones of denitrification, specified by rate 
parameters
 Calibration of model with groundwater age data
 Relevance to hill country
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Appendix: shallow groundwater quality 
and GIS smoothing
 Issue is shallow groundwater quality
 May be useful for screening consent applications for 
nitrate discharge as a permitted activity
 Does not require a groundwater model
 Employs GIS functionality
INTEGRATED RESEARCH FOR AQUIFER PROTECTION
0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00 4.00-5.00
5.00-6.00 6.00-7.00 7.00-8.00 8.00-9.00 9.00-10.00
10.00-11.00 11.00-12.00 12.00-13.00 13.00-14.00 14.00-15.00
Nitrate-N concentration (mg/L)
Sheep Dairy Forest Sheep Crops
River recharge Discharge to surface waters
50 km
300 m
Nitrate distribution in an aquifer 
for an example of typical land use
Groundwater flow
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0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00 4.00-5.00
5.00-6.00 6.00-7.00 7.00-8.00 8.00-9.00 9.00-10.00
High intensity land use (10.0 mg/L)
Low intensity land use (0.0 mg/L)
Nitrate-N concentration mg/L
Small areas of high-intensity land uses (high nitrate) can allow 
shallow-well access to groundwater of drinking water quality
Shallow well
River recharge (0.0 mg/L)
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0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00 4.00-5.00
5.00-6.00 6.00-7.00 7.00-8.00 8.00-9.00 9.00-10.00
Nitrate-N concentration mg/L
Shallow wellDeep well
But the same proportion of intensive land use grouped into larger 
areas may not assure widespread access to water of drinking quality 
and may require deep wells to access groundwater from river recharge
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0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00 4.00-5.00
5.00-6.00 6.00-7.00 7.00-8.00 8.00-9.00 9.00-10.00
Nitrate-N concentration mg/L
Shallow groundwater quality (along dashed line) is a dispersed, or
smoothed, version of the pattern of nitrate discharge from the soil
This groundwater dispersion can be approximated by smoothing the
pattern of nitrate discharge from soil beneath the various land uses
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Smoothing the land use nitrate 
discharge pattern
 Nitrate discharge from a land area of about 100 ha is 
compressed into groundwater flow of a few metres 
thickness
 Water from a shallow well contains a sample of the 
nitrate discharge from this area
 We can sample the nitrate discharge pattern by using a 
moving land-area average, or “window” of size 100 ha to 
simulate shallow groundwater dispersion
 This window averaging can be done on GIS maps of 
nitrate discharge as a precursor to more complex 
groundwater modelling
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9.00-10.00
8.00-9.00
7.00-8.00
6.00-7.00
5.00-6.00
4.00-5.00
3.00-4.00
2.00-3.00
1.00-2.00
0.00-1.00
Smoothing of the small-area
pattern of nitrate discharge
yields nitrate-N concentration
less than 6 mg/L
Nitrate-N concentration
of 6 mg/L is a trigger
value for concern about
drinking water quality
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9.00-10.00
8.00-9.00
7.00-8.00
6.00-7.00
5.00-6.00
4.00-5.00
3.00-4.00
2.00-3.00
1.00-2.00
0.00-1.00
Smoothing of the large-area
pattern of nitrate discharge
yields nitrate concentration
greater than 6 mg/L
Nitrate-N concentration
of 6 mg/L is a trigger
value for concern about
drinking water quality
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Implications of smoothing results
 Smoothing a GIS map of nitrate discharge indicates 
where access to shallow groundwater of drinking 
standard is available
 Values of smoothed nitrate dicharge below a trigger limit 
may indicate that nitrate discharge from these land areas 
is not a consent issue
 Values of smoothed nitrate discharge that are above the 
trigger limit indicate that further investigation is required 
and mitigating actions for access to drinking water may 
be required
